As early as in the 1890's, thyroid extract began to be used in the treatment of hypothyroidism. It had been observed that the administration of this extract brought an immediate resolution of the clinical symptom called "myxedema." This term had been used to describe the abnormal accumulation of mucinous substances in the dermal connective tissue. This had been viewed as an example of a direct interrelation of the connective tissue and a hormonal action.
meability and a tendency to edema, along with the increased mucopolysaccharide formation. In generalized myxedema, he has described similar changes, but less marked; the subepidermal tissue had exhibited increased metachromasia, in contrast with the circumscribed myxedema in which this layer had been almost normal, and the mucinous edema had been present only in the deeper layers of the corium.
Asboe-Hansen and Iversen5 have stated their belief that the increased secretion of TSH had been the necessary stimulus that had brought an elevation in the number of mast cells and the greater liberation of their granules, thus causing, as an end result, the greater amount of hyaluronic acid. He has injected excessive amounts of TSH in thyroidectomized (TX) guinea pigs and has reported the appearance of exophthalmus. Ludwig , Boas, and Soffer" have injected TSH in normal and TX guinea pigs and have found an increase in the amount of water-and glucosamine-containing ground substance in the TX guinea pigs injected with TSH, while the dry weight of the tissues, both normal and TX, had remained the same. Dodds and Robertson'2 have used 19:442, 1949. dinitro-orthocresol to increase the metabolic rate of myxedematous tissues. However, in this case, even though there had been an increase in the metabolism, there was no reduction of the accumulated mucin in the ground substance. This has been used by Asboe-Hansen for further evidence that the actual action of the thyroid hormones in the reduction of myxedema had been by blocking the secretion of TSH from the pituitary and not a direct local one in the peripheral tissues.
Del Conte, Sala, and Stux'3 have reported biochemical assays and histochemical examinations of skin of TX rats, and their results have shown an increased concentration of the dermal acid mucopolysaccharide and also of the mast cells. Baume and Becks14 have worked with rats thyroidectomized at birth and, among their findings, have reported a decrease in the cellular and vascular components in the lamina propria of the oral mucosa. This, they believed, had made the fibrous components more prominent. They have reported that the greater changes had been in the epithelial structures, where the proliferation of germinal cells had been slow, histodifferentiation retarded, and the life-cycle of mature epithelial cells shortened. These facts, they believed, had been responsible for the scaly skin and oral mucosa of hypothyroid rats.
However, Ziskin and Stein,5 using TX rhesus monkeys, have described degenerative changes in the connective tissue of the oral mucosa, as well as in the epithelium. They have found increased mitosis, hyperkeratosis, intercellular edema, and pyknotic nuclei in the epithelium. In the connective tissue, they have found an increase in the cellular and vascular elements, coarsening and thickening of the fibers, with edema between them. They have also mentioned that "special stains" had disclosed an increased amount of mucous-staining material and glycogen.
The determination of the occurrence of a pathologic state, such as myxedema, in the oral mucosa has not been clearly studied. The desire to evaluate, with histochemical means, this possible alteration prompted this investigation.
MATERIALS AND METHODS
Thirteen male albino rats were used. Nine of these animals were thyro-parathyroidectomized by the commercial breeder* in such a way that the thyroid and parathyroids were removed in total at the age of 4 weeks. The animals were received in our laboratories a month later. The animals were fed a regular commercially prepared diet.t They were sacrificed at the age of 6-7 months by ether and then decapitated. The 4 control animals of the same strain were of approximately the same age. The average weight of the TX animals at the time of the sacrifice was 212 gm., while the normal "control" animals had an average weight of 269 gm. Besides this difference in weight, no other visible physical difference was observed between TX and normal animals. The necks of the TX animals were preserved in 10 per cent formalin, and later a gross dissection was done to expose any possible remnants of thyroid gland. No thyroid tissue was found.
Specimens of tissue were obtained from the oral mucosa of the cheek and vestibule and from the attached gingiva of the molar and incisor region. Also, a sample of skin from the ventral surface of normal and TX rats was secured.
The majority of the specimens were treated by freeze-drying technique. Other specimens were fixed for 48 hours in an acridine-ethanol solution, as recommended by Pearse16 as a good method for the fixation and immobilization of acid mucopolysaccharides. A number of the normal and TX specimens were fixed for 48 hours in an alcohol-acetic acid solution, in order to obtain sections for a better morphologic study of the tissue.
The imbedding was done in vacuo with paraffin of a melting point at 56.50 C. under 15 pounds of pressure over a period of 15 minutes. Sections were cut at from 6 to 10 L. The thickest sections were used in enzyme-incubation procedures, while the others were used to observe clearly the cell definition.
One group of the mounted slides was deparaffinized with petroleum ether and then post-fixed in absolute alcohol overnight. Another series was deparaffinized in the following manner: immersion for 5 minutes each in two changes of xylol, § then 5 minutes in 100 per cent alcohol, 3 minutes in 95 per cent alcohol, and 3 minutes in 75 per cent alcohol. Finally, the sections were washed in distilled water for 5-10 minutes. All the tissues fixed in alcohol-acetic solution and acridine-ethanol solution were deparaffinized in the second manner.
Two methods were employed for the demonstration of acid mucopolysaccharides. The first was toluidine blue17 at a concentration of 1:1,000 and a pH of 7, and the second was thionin'8 at a concentration of 5: 100 and a pH of 7. A number of sections thus prepared were mounted in water and examined immediately, while others were mounted* to preserve them for subsequent examination.
Testicular hyaluronidase incubation was used for the removal of hyaluronic acid and chondroitin sulfate A and C. The following procedure was used: a solution of a concentration of 1 mg. of testicular hyaluronidase (approximately 150 TRU) per 1 cc. of Sorensen's phosphate buffer at a pH of 7 was made. Five drops of the above solution were used to cover each deparaffinized slide. The slides were placed in a Petri dish containing a wet chamber and then incubated at 3 70 C. for 3 hours. Control slides were treated with Sorensen's buffer solution alone and then incubated at the same temperature and for the same length of time. Immediately following incubation, the sections of both the normal and experimental animals were stained by either the toluidine blue or thionin methods. For the demonstration of neutral polysaccharides the periodic acid-Schiff (McManus modification of Coleman) method was used. Light green was used as a counterstain." Incubation in amylase for the removal of glycogen was also used in the following manner: a solution of a concentration of 1 mg. of amylase4 per 1 cc. of Sorensen's phosphate buffer at a pH of 6 was made. Five drops of the solution were used to cover each deparaffinized slide; the slides were placed in a Petri dish containing a wet chamber and then incubated for a period of 30 minutes at 37°C. Control slides were treated with buffer solution alone and incubated at 370 C. for 30 minutes. Immediately following incubation, the sections were stained with the periodic acid-Schiff (PAS) method. In addition, sections were stained with Gomori silver impregnation and Heidenhain's azan stain (modification of Mallory's connective-tissue stain) to study the fibers components of the connective tissue.
To study the general morphology of the tissues, sections were stained with the hematoxylin and eosin (H. & E.) method.
RESULTS
Toluidine blue.-The basement membrane along the epithelium and connectivetissue junction of the oral mucosa did not stain in both the normal and the TX animals.
In the normal animals, the ground substance along the lamina propria presented a very light metachromasia (Figs. 1 and 2). Those areas where this staining reaction was observed usually surrounded the fibroblasts. In addition, interfibrillar spaces, scattered around the lamina propria, gave a light metachromasia. The connective-tissue fibers were outlined but unstained.
The nuclei and cytoplasm of fibroblasts gave a metachromatic reaction, with the nuclei staining more intensely. The presence of small metachromatic granules was observed in the cytoplasm of some of the fibroblasts. Mast cells were observed scattered throughout the connective tissue, but especially in the deeper submucosa layers. These cells were filled with granules that gave a very strong metachromatic reaction. The heavy concentration of these granules made it difficult to observe the individual cell detail. Also it was observed that the great density of granules in some of the cells produced an apparent orthochromatic reaction. Closer examination revealed that the apparent orthochromasia was due to impeded light transmission through the dense mass of granules. A number of these cells were found liberating their granules into the ground substance. These granules stained intensely and brilliantly metachromatic when seen scattered singly within the ground substance. Endothelial cells also gave a metachromatic reaction; the nuclei were more intense than the cytoplasm and were similar, in this respect, to the fibroblast.
In the lamina propria of TX animals, a more intense metachromasia was observed as compared with the normal animals ( Figs. 3 and 4 ). Large and more intensely stained metachromatic areas were distributed in a random manner about the ground substance. Such areas had a mucinous appearance and contained poorly outlined unstained fibers. Moreover, in such areas, a greater cellularity was noted as compared with adjacent, less intensely stained metachromatic areas. The predominant cell wras the fibroblast, although mast cells were also abundant. The presence of small metachromatic granules liberated from the mast cells into the ground substance was also observed, which were comparable with those seen in the normal animal sections.
The stainability of fibroblast, mast cells, and endothelial cells was similar in normal and TX animals. The only difference that was observed was the randomly distributed loci of increased metachromasia in the ground substance of the lamina propria.
The skin of normal animals demonstrated metachromasia in the ground substance of the subcutis. The ground substance in the subcutis of thyroidectomized animals showed distinctively heavier metachromasia than observed in the skin of normal animals.
Tizionin. The metachromasia of the ground substance in TX animals was more Vtol. 42, No. I intense than in the normal animals. However, it was evident that the over-all degree of metachromasia obtained with the method was proportionally greater for both normal and TX animals than that obtained when toluidine blue was used. Apart from this increase in metachromasia in the ground substance. the cellular components of the lamina propria stained in the same manner as with the toluidine blue method.
Testicular hyaluronidase. In normal and TX animals, a reduction in metachromasia of the ground substance was observed following incubation for 3 hours with this enzyme (Figs. 5 and 6). It was noticed that the model control slides of TX and normal animals incubated in buffer solution alone showed a reduction in metachromasia. This reduction was not so great as the one observed in the sections incubated in buffer plus enzyme. After treat- The metachromatic reaction of the mast-cell granules. fibroblast, and endothelial cells in the TX and normal animals was not altered by enzyme treatment. Moreover, the granules liberated from the mast cells into the around substance maintained their same intense metachromasia. Periodic acid Schiff. There was no significant difference in the characteristics of PAS stainability between the normal and TX animals.
By virtue of the wide distribution of available reactive polysarcharides, the connective tissue in both normal and TX animals gave a similar over-all PAS positive reaction. In some areas, probably because of a greater thickness of the section, the PAS reaction was more intense.
The basement membrane between the epitheliumll andi connective tissue andl around capillaries stained very strongly PAS-positive. Mast-cell cytoplasm was filled with small PAS-positive granules. Some of these granules were observed scattered in the ground substances. Occasionally, the thin cytoplasm of some of the fibroblasts was observed, and they, likewise, showed a PASpostive reaction. The presence of small red granules in their cytoplasm was sometimes also observed. Endothelial cells stained PAS-negative.
Amylase.-The basement membrane did not visibly undergo modification following amylase incubation. Its intense PAS-positive reaction remained the same.
The ground substance of the amylase-treated specimens stained similarly to the model control slides, in both TX and normal animals. However, it was observed that after immersion in the buffer, with or without enzyme, the sections stained slightly less intensely than those stained without immersion in the buffer solution.
It was observed that, after incubation with amylase, there was a loss of PAS-positive granules from the mast-cell and fibroblast cytoplasm. This was specially noticed in the mast cells from the tissue specimens of TX animals. As a result of this enzymatic action, the mast cells took a faded appearance, making them more difficult to examine.
Gomori silver impregnation.-Along the basement membrane joining the epithelium and connective tissue and around blood vessels, the presence of argyrophilic fibers was constantly observed in both normal and TX animals.
In the lamina propria and deeper layers of the connective tissue, numerous rosecolored, matured collagen fibers were seen arranged in an irregular and intricate pattern. This finding was also similar in both normal and TX animals.
Heidenhain's azan stain (modification of Mallory's connective-tissue stain).-An intense and regularly distributed blue stain was observed all over the intercellular spaces of the connective tissue, contrasting markedly with the red-stained cells and muscle fibers. Both reticulin fibers in the basement membrane and collagen fibers in the lamina propria stained with the same intensity; therefore, they could not be individually identified with this method. The sections from normal and TX animals presented similar staining characteristics.
Hematoxylin and eosin.-The presence of fibroblasts, mast cells, and macrophages was observed in the connective tissue. The over-all number of these cells was similar in TX and normal animals. The ground substance had a homogeneous appearance and contained capillaries similar in number and structure in both normal and TX animals. The absence of inflammatory cells in both normal and TX animals was striking.
DISCUSSION
The histochemical methods generally used for the detection of acid mucopolysaccharides have been based on the observation of the metachromatic shift that basic dyes experience when in contact with compounds with a net electrical negative surface.16 It was clearly demonstrated that chondroitin sulfuric acid, hyaluronic acid, and heparin stain metachromatically. A differentiation between these acid mucopolysaccharides can be done by their incubation with enzymes that will react specifically with only some of them. Thus testicular hyaluronidase will hydrolyze only hyaluronic acid and chondroitin sulfuric acid A and C, while heparin and chondroitin sulfuric acid B will not be affected.'6 Subsequent staining of the tissues containing such compounds can give a picture of the localization and estimated amount of these substances in situ.
Braden'9 has clearly demonstrated that acid mucopolysaccharides do not stain posi-tively with the PAS method. Only neutral polysaccharides have stained positively with this method. This offers the opportunity to differentiate between neutral and acid polysaccharide tissue components. If the tissues are incubated with a specific enzyme, such as amylase, that removes the PAS-positive glycogen, a further differentiation of the neutral polysaccharide fractions can be made. After incubation, only the remaining PAS-positive fractions, such as glycoproteins, mucoproteins, and glycolipids, will be stained. Therefore, the presence and amount of glycogen can be determined in the tissue. The findings of Del Conte et al.'3 are supported by our observations of increased metachromatic mucopolysaccharides in the subcutis of thyroidectomized rats.
Asboe-Hansen believes that the mast cells are solely responsible for the production of all the ground substance in the connective tissue. This concept justifiedly has been attacked by Meyer20 and Rothman21 among others. Sylven22 has pointed out the difficulty for the proposed chemical restructuration phenomena that would have to occur, in order to change the heparin contained in the mast cells to the hyaluronic acid and chondroitin sulfate present in the ground substance. Also, the over-all number of mast cells in the connective tissue does not seem to correlate with the large content of ground substance. There are areas in the body where, in spite of the presence of large amounts of ground substance, no mast cell can be observed. Furthermore, the fibroblasts-the most abundant cells in loose connective tissue-reacted similarly to the mast cell by histochemical staining, asserting that the intracellular presence of neutral and acid polysaccharides makes the idea of mast cells as sole producers of ground substance quite unacceptable.
The study of the connective tissue of the oral mucosa of normal and TX rats was carried on with the help of histochemical and histologic methods, similar to those employed by Asboe-Hansen, Del Conte, and others for the detection of acid mucopolysaccharides, neutral polysaccharides, and fiber components.
The most important finding was the increased metachromasia of the ground substance in the lamina propria of TX animals. This was demonstrated with both toluidine blue and thionin staining methods. This result gives support to the previously reported increased metachromasia in myxedematous skin, thus suggesting chemical alterations in the oral mucosa due to a decrease in the circulating thyroid hormones. However, in spite of this modification in the ground substance of TX animals, there were no observable clinical changes, such as ulcerations, desquamations, puffiness, etc., in the oral mucosa of TX animals. Their oral mucosa had a macroscopic appearance similar to that in normal animals. Anderson, Asboe-Hansen, and Quaade23 have reported similar findings in nearly one hundred cases of hypothyroidism in humans. Even though the clinical picture of myxedema was absent, the skin showed more metachromasia than normal. Seemingly, there exists a direct relation between the state of hypothyroidism and the local accumulation of acid mucopolysaccharides in skin and oral mucosa. The special conditions that cause the appearance of the clinically visible myxedema in some cases and not in others are not known.
The decrease in metachromasia of the ground substance of the oral mucosa after incubation in testicular hyaluronidase suggests the presence of acid mucopolysaccharides of the order of hyaluronic acid and/or chondroitin sulfuric acid A or C. Pearse16 has stated that the chondroitin sulfate B is not hydrolyzed by this enzyme. The fact that some light metachromasia always remained in the tissues agrees with the findings of Schultz-Haudt,24 who has stated that the testicular hyaluronidase-resistant chondroitin sulfate B is present in the connective tissue of the oral mucosa of man. A similar finding was observed with the metachromatic granules of the mast cells. None of the intra-or extracellular granules were affected by this enzyme. They stained in the same way before and after incubation with testicular hyaluronidase. The granules are, therefore, composed of a substance different from hyaluronic acid and chondroitin sulfate A or C. In fact, it has been shown that the substance responsible for the strong metachromasia of mast cells is heparin. In this regard, it is difficult to accept the idea that in myxedema the increased acid mucopolysaccharide content of the ground substance is the by-product of the heparin derived from the mast cells. There was no observable increase in the over-all number of mast cells in the oral mucosa of TX rats. Mast cells are very abundant in the rat, and we found a great number in the oral mucosa of normal animals. There were areas, especially in the deeper layers of the connective tissue, that showed intense mast-cell population in both normal and TX animals. Asboe-Hansen and Del Conte did not employ any precise method of mast-cell count in skin; therefore, a quantitative statement about the number of these cells is unreliable.
There were areas of the ground substance, especially along the lamina propria of the attached gingiva, that gave a metachromatic reaction and in which the only cell available was the fibroblast. The cytoplasm of fibroblasts stains metachromatically. This fact suggests the direct participation of fibroblasts in the elaboration of the acid mucopolysaccharides components of the ground substance.
There was a very irregular pattern of distribution of areas of strong metachromasia in the connective tissue of TX animals. The reason for this random concentration of acid mucopolysaccharides in the tissue is not known.
The results obtained with the PAS method showed no significant difference in the ground substance characteristics between the normal and the TX animals. This suggests the presence in the tissues of both animals of similar amounts of reactive carbohydrate groups and also of their presence in a similar state of aggregation.
Engle25 and Gersh and Catchpole26 have stated an elevation in the water content of the tissue will cause a reduction in the intensity of the PAS reaction. They believe that the greater dispersion of tissue polysaccharides in a given area, caused by edema, will reduce the number of reactive groups available for the PAS to stain. However, the tissue specimens from the TX animals stained with the same intensity as they obtained from normal animals. This suggests the absence of edema in the connective tissue of the oral mucosa of TX animals. The incubation of the tissues from normal and TX animals in a buffer solution followed by the PAS stain did not bring any significant reduction in the intensity of the reaction. This indicated that the greater number of heteropolysaccharide complexes in the connective tissue of a normal rat are, because of their state of aggregation, of a water-insoluble nature and, in the same manner, that thyroidectomy did not cause modifications observable with the methods used by us. The mast cells were observed to stain positive with the PAS and metachromatic methods; therefore, we can assert the presence in these cells of neutral and acid polysaccharides. Similar results were obtained in the fibroblasts. This supports the concept that both fibroblast and mast cells play an important role in the production of the neutral and acid polysaccharide components of the ground substance. The most interesting result observed after the incubation of normal and TX tissue specimens in amylase was the marked hydrolysis of many of the PAS-positive granules present in the cytoplasm of mast cells. This was more evident in the mast cells of TX specimens. The remaining PAS-positive substances in the cytoplasm of mast cells are heteropolysaccharides of a different nature than glycogen. The larger content of glycogen in the mast cells of TX animals might be related to their greater production of ground substance. Mosbach and King27 and Roseman, Moses, Ludowieg, and Dorf-man28 have demonstrated that glucose can be used as a primary structural unit in the synthesis of acid mucopolysaccharides. The role of mast cells in the synthesis of acid mucopolysaccharides has been discussed by Asboe-Hansen. However, he believes that the production of hyaluronic acid is by way of a heparin-like precursor. Sylven22 stated that, from a chemical and structural point of view, it is very unlikely that this change would occur. But if, instead of a heparin precursor, glycogen is utilized, the role of mast cells in the synthesis of acid mucopolysaccharides could be more easily understood. The higher content of glycogen observed in the mast cells of TX animals suggests the possibility of their increased synthesis of acid mucopolysaccharides. However, it could be attributed also to the intracellular retention of larger amounts of glycogen, because of low metabolic requirements.
The basement membrane along the epithelium and connective-tissue junction appeared similar in both normal and TX tissue specimens. It was observed that the main constituents of this particular zone were the reticulin fibers and the PAS-positive glycoproteins. It was interesting to note that the basement membrane did not show any metachromasia, indicating the absence of acid mucopolysaccharides in this particular zone.
No significant difference was observed with the Gomori silver impregnation and the Heidenhain's azan stain methods in the collagen components of the connective tissue of normal and thyroidectomized animals. The fibers were observed to be normal in number and structure in the oral mucosa of TX rats. This finding is contrary to the Ziskin and Stein15 report of collagen degeneration in oral mucosa of TX rhesus monkeys.
An interesting observation was the absence of inflammatory cells in the connective tissue of TX animals. The cellular components of both normal and TX animals were observed to be similar. This finding is contrary to the report of Baume and Becks,14 who have found a reduction in the cell population of the connective tissue of the oral mucosa of TX rats.
The only definite alteration that was brought about by thyroidectomy was the increased accumulation of acid mucopolysaccharides, especially the hyaluronic acid type in the ground substance of the connective tissue of TX animals. No other signs of pathology were detectable in the tissues under study, with the methods used by us. SUMMARY An experiment to study the possible alterations of the connective tissue in the oral mucosa of thyroidectomized rats was performed. Special attention was given to the study of the mucopolysaccharide components of the ground substance of the connec-tive tissue. A comparative evaluation of the oral mucosa from TX and normal animals was done.
Thirteen male albino rats were used. Nine of these animals were thyro-parathyroidectomized at the age of 4 weeks, while the remaining 4 animals were used as controls. The animals were sacrificed at the age of 7 months. Tissue specimens were obtained from the oral lining and masticatory mucosa and skin. The tissues were treated by either the freeze-drying method or alcohol-acetic acid and acridine-ethanol fixative solutions. Different histochemical stainings for the determination of mucopolysaccharides were used: toluidine blue, thionin, and PAS. Also, the following histologic methods were used to study the fiber components and general morphology of the connective tissue: Gomori silver impregnation, Heidenhain's azan stain, and hematoxylin and eosin. Enzyme incubation in testicular hyaluronidase and amylase was also done.
The results led us to the following conclusions: Thyroidectomy caused alterations in the connective tissue of the oral mucosa of the rat similar to those that have been previously described in skin-this alteration was in the form of a moderate increase in acid mucopolysaccharides, especially hyaluronic acid, in the ground substance of the connective tissue of TX rats. The oral tissues did not present any clinically visible sign of "myxedema." There was a greater content of amylase-removable glycogen in the mast cells of TX animals than in normal animals.
